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Description 

[0001] The present invention relates to a laser diode 
driving method and circuit for controlling an optical out- 
put and extinction ratio at a constant level in correspond- 
ence with deterioration of the laser diode with time. 
[0002] An example of a laser diode driving circuit used 
in an optical transmission system or the like is disclosed 
in JP^-2-308584 in which the optical output from the 
laser diode Is controlled at a constant level regardless 
of the ambient temperature. 

[0003] Said JPnA-02-308584 discloses a laser diode 
driving method comprising the steps of adjusting, in ac- 
cordance with an ambient temperature, a bias current 
of a laser diode; and driving the laser diode by a current 
prepared by superposing the bias current and a pulse 
current, thereby controlling an optical output of the laser 
diode at a constant level. Said document also discloses 
a laser diode driving circuit comprising a laser diode, a' 
temperature sensor, memory means and current control 
means. 

[0004] EP-A-0580317 discloses a method of driving 
laser diodes under varying environmental conditions 
and that a micro-controller may be utilized for adjusting 
the bias current and the modulation current as a function 
of environmental conditions. 

[0005] Fig . 5 shows the arrangement of a convention- 
al laser diode driving circuit for controlling the optical 
output from the laser diode. 

[0006] A laser diode LD is driven by a current pre- 
pared by superposing a driving current Id and a bias cur- 
rent Is. The driving cun-ent Id is a pulse current based 
on transmission data, whereas the bias current Is is a 
base current for causing the LD to emit light by induced 
emission. A temperature sensor 110 generates a volt- 
age corresponding to the ambient temperature and out- 
puts the voltage as an analog temperature signal repre- 
senting the ambient temperature to an A/D converter 
120. The A/D converter 120 converts the input temper- 
ature signal into a digital signal and outputs the digital 
signal to a memory 150. 

[0007] The memory 150 uses input digital signal as 
an address signal to read out digital data stored at the 
corresponding address from the memory 150 and out- 
put the data to a D/A converter 130. The D/A converter 
130 converts the input digital data into an analog signal 
and outputs the analog signal to a current controller 140, 
The current controller 140 controls an emitter current Is 
common to transistors Q1 and Q2 in accordance with 
the analog signal from the D/A converter 130. 
[0008] The operation of the laser diode driving circuit 
will be described. 

[0009] A pre-bias signal is applied to the base of the 
transistor Q1. Assume that the state in which the pre- 
bias signal voltage Is higher than a reference voltage 
(-VR) is a disable state. In the disable state, the transis- 
tor Q1 is turned on, the transistor Q2 is turned off, and 
the laser diode LD is not driven. Assume that the state 



in which the pre-bias signal voltage is lower than the 
reference voltage (-VR) is an enable state. In the enable 
state, the transistor Q1 is turned off, the transistor Q2 is 
turned on, and the laser diode LD is driven by a cunrent, 
5 i.e., a current which changes between Is and Is+ld. pre- 
pared by superposing the driving current Id and the bias 
current Is generated by the current controller 140. 
[0010] In the memory 150, data about the bias cunent 
corresponding to the ambient temperature is stored. 
10 When data obtained by digitally converting a tempera- 
ture signal representing the ambient temperature is in- 
put from the A/D converter 1 20 to the address line of the 
memory 150, the memory 150 outputs data about the 
bias current corresponding to the ambient temperature 
15 to the data line. 

[0011] The D/A converter 130 D/A-converts the bias 
current data output to the data line, and outputs the an- 
alog signal to the current controller 140. The cun-ent 
controller 1 40 controls the emitter current of the transis- 
20 tors Q1 and Q2 in accordance with the analog signal 
output from the D/A converter 130. 
[0012] In the laser diode driving circuit, the emitter 
current Is is adjusted in correspondence with the ambi- 
ent temperature. That is. when the ambient temperature 
25 changes, data on the address line changes, and data 
about a new bias current appears on the data line. The 
D/A converter 130 D/A-converts the data on the data 
line, and the current controller 140 converts the signal 
output from the D/A converter 1 30 into a current. 
30 [0013] At this time, if the pre-bias signal changes to 
the enable state, the laser diode LD is driven by a current 
prepared by superposing the driving current Id on the 
new bias current Is adjusted in con^espondence with the 
ambient temperature. 
35 [0014] The laser diode driving circuit employs a feed 
forward controller. Since the circuit performs control for 
only optical output fluctuation conditions set in advance, 
it cannot control the optical output from the laser diode 
in correspondence with optical output fluctuation condi- 
40 tions other than ambient temperature fluctuations. For 
this reason, e.g.. when the laser diode deteriorates with 
time to decrease the optical output, the optical output 
may be smaller than its lower limit defined in the optical 
transmission system. 
45 [001 5] In the laser diode driving circuit, light emission 
may delay, the extinction ratio may decrease, and the 
quality of the transmission system may degrade be- 
cause no consideration is given to temperature fluctua- 
tions In differential quantum efficiency of the laser diode. 
50 That is, the optical output is controlled at a constant level 
by changing only the bias current without changing the 
driving cun-ent In con^espondence with the ambient tem- 
perature. 

[0016] Figs. 1A and IB show the current vs. optical 
55 output characteristics of a general laser diode. Fig, 1 A 
shows current vs. optical output characteristics when 
the bias cun-ent and the driving cun-ent are ideally dis- 
tributed. Fig. IB shows cun-ent vs. optical output char- 
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acteristics when the driving current is kept constant. 
[0017] In Figs. 1A and IB. t1. t2. and t3 (t1 < t2 < tS) 
represent ambient temperatures: Isn. Idn, and Ithn (n = 
1 . 2, 3). the bias current, the driving current, and the light 
emission threshold current of the laser diode; and Po, 
the optical output. The laser diode driving circuit controls 
the optical output Po at a constant level at the respective 
temperatures. The laser diode has such a characteristic 
that both the bias current Is and driving current Id re- 
quired to obtain a constant optical output Po increase 
along with an increase in ambient temperature. As 
shown in Fig. 1A. it is ideal for efficiently driving the laser 
diode that the bias current Is is set about the light emis- 
sion threshold current Ith of the laser diode, and the driv- 
ing current Id is superposed on the bias current Is to 
keep the optical output constant. 
[0018] In the laser diode driving circuit in Fig. 5 for 
controlling the optical output at a constant level by 
changing the bias current Is while keeping the driving 
current Id constant, if the bias current Is2 and the driving 
current Id2 are optimum at an ambient temperature t2, 
but the ambient temperature decreases to t1 , the set val- 
ue Isl of the bias current becomes smaller than the light 
emission threshold current Ith1 to delay light emission. 
If the ambient temperature increases from t2 to t3. the 
set value Is3 of the bias cun-ent exceeds the light emis- 
sion threshold current Ith3 to decrease the extinction ra- 
tio, failing to obtain a reliable extinction state. 
[0019] It is an object of the present invention to pro- 
vide a laser diode driving method and circuit capable of 
controlling an optical output and extinction ratio at a con- 
stant level against an optical output fluctuation factor 
such as deterioration of the laser diode with time that 
cannot be set in advance. 

[0020] It is another object of the present invention to 
provide a laser diode driving method and circuit capable 
of controlling the optical output and extinction ratio of 
the laser diode at a constant level regardless of the am- 
bient temperature. 

[0021] These objects are achieved with the features 
of the claims. 

[0022] Embodiments of the present invention will be 
described In detail below with reference to the accom- 
panying drawings. 

Figs. 1A and IB are graphs each showing the cur- 
rent vs. optical output characteristics of a laser di- 
ode; 

Fig. 2 is a block diagram showing the arrangement 
of a laser diode driving circuit according to the first 
embodiment of the present invention; 
Fig. 3 Is a block diagram showing the arrangement 
of a laser diode driving circuit according to the sec- 
ond embodiment of the present invention; 
Fig. 4 is a block diagram showing the an^angement 
of a laser diode driving circuit according to the third . 
embodiment of the present invention; and 
Fig. 5 is a block diagram showing the arrangement 



of a conventional laser diode driving circuit. 
First Embodiment 

5 [0023] Fig. 2 shows the arrangement of a laser diode 
driving circuit according to the first embodiment of the 
present invention. The laser diode driving circuit of the 
first embodiment comprises a temperature sensor 10, 
A/D converters 20 and 21 , D/A converters 30 to 32, cur- 

10 rent controllers 40 to 42, a memory 50, an average de- 
tector 57. an inverting amplifier 65, a low-pass filter 
(LPF) 70, a switch 75. an LD module 80 constituted by 
a laser diode 81 and a monitor photodiode (to be re- 
ferred to as a monitor PD hereinafter) 82 for detecting 

15 the optical output from the laser diode 81 , and transis- 
tors Q1 and Q2. 

[0024] In the laser diode driving circuit, the A/D con- 
verter 21. the D/A converter 32, the current controller 
42, the memory 50, the average detector 57, the invert- 
20 ing amplifier 65. the LPF 70, and the switch 75 constitute 
a laser diode time deterioration compensation circuit 1 . 
The average detector 57, the inverting amplifier 65, and 
the LPF 70 constitute a time deterioration state detec- 
tion means. 

25 [0025] The laser diode 81 and monitor PD 82 consti- 
tuting the LD module 80 are formed on the same sub- 
strate by the same process. 

[0026] The temperature sensor 10 generates a volt- 
age in correspondence with the ambient temperature 

30 and outputs the voltage as a temperature signal to the 
A/D converter 20. The A/D converter 20 A/D-converts 
the temperature signal and outputs the analog signal as 
an address to the memory 50. 
[0027] Data about the pulse current, the bias current, 

35 and a light-receiving current Ir of the monitor PD 82 be- 
fore deterioration is stored in the memory 50 at each 
address con-esponding to the ambient temperature. The 
values of the pulse current and bias current stored in the 
memory 50 are determined to keep the optical output 

40 and extinction ratio of the laser diode 81 constant 
against fluctuations in ambient temperature. 
[0028] The memory 50 outputs pulse current data and 
bias current data stored at the address designated by 
the AID converter 20 to the D/A converters 30 and 31, 

45 respectively. The D/A converters 30 and 31 respectively 
D/A-convert the digital data output from the memory 50 
and output the analog signals to the current controllers 
40 and 41. 

[0029] The cun^ent controller 40 adjusts a constant 
50 current lac common to the transistors Q1 and Q2 in ac- 
cordance with the analog signal from the D/A converter 
30. The current controller 41 adjusts a constant cunrent 
Idc in accordance with the analog signal from the D/A 
converter 31 . 

55 [0030] The detailed arrangement of the laser diode 
time deterioration compensation circuit 1 will be ex- 
plained. The light-receiving current Ir of the monitor PD 
82 Is input to the average detector 57. The average de- 
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tector 57 detects the average of the light-receiving cur- 
rent Ir, converts it into a voltage signal, and outputs the 
voltage signal to the A/D converter 21 and the inverting 
input terminal of the inverting amplifier 65. 
[0031] The A/D converter 21 A/D-converts the input 
voltage from the average detector 57. The data digitally 
converted by the A/D converter 21 is output to the mem- 
ory 50 via the switch 75. 

[0032] In the memory 50. the data input from the AJO 
converter 21 is stored at an address corresponding to 
the temperature detected by the temperature sensor 10. 
This data serves as a reference voltage in compensat- 
ing the optical output upon deterioration of the laser di- 
ode. 

[0033] The memory 50 outputs the reference voltage 
data to the D/A converter 32 via the switch 75. The D/A 
converter 32 D/A-converts the data and outputs the an- 
alog signal to the non-inverting input terminal of the in- 
verting amplifier 65. 

[0034] The inverting amplifier 65 uses the voltage in- 
put from the D/A converter 32 to the non-inverting input 
terminal as a reference voltage to invert and amplify the 
voltage input from the average detector 57 to the invert- 
ing input terminal and output the voltage to the LPF 70. 
[0035] The LPF 70 smoothes the inverted/amplified 
voltage and outputs the resultant voltage to the cun-ent 
controller 42. The current controller 42 adjusts a con- 
stant cun-ent lapc in accordance with the output signal 
from the LPF 70. 

[0036] The operation of the laser diode driving circuit 
according to the first embodiment will be explained with 
reference to a numerical example. 
[0037] The temperature sensor 1 0 detects an ambient 
temperature of -40 to +115 ^'C, converts the detected 
temperature into a voltage of 0 to 2 V, and outputs the 
voltage. The A/D converter 20 converts the voltage out- 
put from the temperature sensor 10 into 7-bit digital data 
and outputs the data as an address to the memory 50. 
[0038] The memory 50 outputs to the D/A converter 
30 7-bit pulse current data stored at an address output 
from the AJD converter 20. and outputs to the D/A con- 
verter 31 5-bit bias current data stored at the same ad- 
dress. 

[0039] The D/A converter 30 D/A-converts the input 
digital data and outputs the analog signal to the cun-ent 
controller 40. Similariy, the D/A converter 31 D/A-con- 
verts the input digital data and outputs the analog signal 
to the current controller 41 . 

[0040] The cunrent controller 40 adjusts the constant 
current lac common to the transistors Q1 and Q2 be- 
tween 0 mA and 70 mA in accordance with the analog 
signal from the D/A converter 30. 
[0041] An input signal to the base of the transistor Q2 
is a signal based on transmission data, and an inverted 
input signal to the base of the transistor Q1 is a signal 
obtained by inverting the input signal. 
[0042] When the input signal is at high level, the tran- 
sistor Q2 is turned on, the transistor Q1 is turned off, 



and the constant current lac flows through the laser di- 
ode 81. When the input signal is at low level, the tran- 
sistor Q1 is turned on. the transistor Q2 is turned off, 
and no constant current lac flows through the laser di- 
5 ode 81 . That is, the constant current lac drives the laser 
diode 81 as a pulse current based on transmission data. 
[0043] The current controller 41 adjusts the constant 
current Idc between 0 mA and 50 mA in accordance with 
the analog signal from the D/A converter 31 . The con- 
stant current Idc directly flows through the laser diode 
81 and dnves it as a bias current. 
[0044] The operation of the laser diode time deterio- 
ration compensation circuit 1 will be explained. The 
light-receiving current Ir of the monitor PD 82 is input to 

15 the average detector 57. The average detector 57 de- 
tects the average of the light-receiving current Ir, con- 
verts it into a voltage of 0 to 550 mV, and outputs the 
voltage to the A/D converter 21 and the inverting input 
terminal of the inverting amplifier 65. 

20 [0045] The A/D converter 2 1 converts the voltage out- 
put from the average detector 57 into 5-bit digital data. 
The data digitally converted by the A/D converter 21 is 
output to the memory 50 via the switch 75. 
[0046] In the memory 50, the data input from the A/D 

25 converter 21 is stored at an address corresponding to 
the temperature detected by the temperature sensor 1 0. 
This data is used as an initial output value of the monitor 
PD, i.e., reference voltage data before deterioration of 
the laser diode 81. 

30 [0047] The memory 50 outputs the reference voltage 
data to the D/A converter 32 via the switch 75. The D/A 
converter 32 converts the reference voltage data into a 
voltage of 0 to 550 mV and outputs the voltage to the 
non-inverting input terminal of the inverting amplifier 65. 

35 [0048] The switch 75 connects either the A/D convert- 
er 21 or the D/A converter 32 to the memory 50. The 
switch 75 switches to the A/D converter 21 side (g) ) in 
writing the reference voltage data in the memory 50, and 
to the D/A converter 32 side (® ) in reading out the ref- 

40 erence voltage data from the memory 50. 

[0049] The inverting amplifier 65 uses the voltage in- 
put from the D/A converter 32 to the non-inverting input 
terminal as a reference voltage to invert and amplify the 
voltage input from the average detector 57 to the Invert- 

45 ing input terminal and output the voltage to the LPF 70. 
[0050] The LPF 70 smoothes the inverted/amplified 
voltage and outputs the resultant voltage to the cunrent 
controller 42. The current controller 42 adjusts the con- 
stant current lapc between 0 mA and 30 mA in accord- 
so ance with the output signal from the LPF 70. The con- 
stant current lapc directly flows through the laser diode 

81 and drives it as a bias current, similariy to the con- 
stant current Idc. That is, the current controller 42 ad- 
justs the constant current lapc in correspondence with 

55 a decrease in light-receiving current Ir of the monitor PD 

82 caused by deterioration of the laser diode 81 over 
time. A decrease in bias current caused by deterioration 
of the laser diode 81 over time is compensated up to 30 
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mA by the constant current lapc. 
[0051] According to the first embodiment, the optical 
output fluctuating upon deterioration of the laser diode 
81 over time is controlled at a constant level. More spe- 
cifically, data about the light-receiving current Ir of the 
monitor PD 82 when the laser diode 81 before deterio- 
ration outputs a desired light power Is stored in the mem- 
ory 50 for each temperature. The initial data stored in 
the memory 50 is used as a reference value. A decrease 
in light-receiving current Ir of the monitor PD 82 is de- 
tected as a decrease in optical output from the laser di- 
ode 81 on the basis of the reference value, and feedback 
control for increasing the bias current is performed. Ac- 
cordingly, the optical output can be compensated by an 
amount corresponding to deterioration of the laser diode 
81 , and the optical output can be controlled at a constant 
level. 

[0052] The measured data of the light-receiving cur- 
rent Ir is used as a reference value, which includes var- 
iations in an individual laser diode and another device. 
Therefore, the optical output and the extinction ratio can 
be controlled without any special adjustment for the time 
deterioration compensation circuit 1 . 
[0053] Not only the bias cun-ent but also the pulse cur- 
rent can be independently controlled in correspondence 
with the ambient temperature. More specifically, the bias 
current and the pulse current are stored in the memory 
50 at an address corresponding to the ambient temper- 
ature. The bias current and pulse current corresponding 
to the ambient temperature drive the laser diode 81 . In 
this case, since the bias current and the pulse current 
can be Independently controlled, not only the optical out- 
put but also the extinction ratio can be controlled at a 
constant level in correspondence with the ambient tem- 
perature by storing the bias current and the pulse cur- 
rent in the memory 50 in accordance with the current vs. 
optical output characteristics of each laser diode 81 for 
each temperature. As a result, the laser diode driving 
circuit can drive the laser diode suitably for the trans- 
mission system without any light emission delay and any 
failure to obtain a reliable extinction state due to a de- 
crease in extinction ratio. 

Second Embodiment 

[0054] The second embodiment of the present inven- 
tion will be described below with reference to Fig. 3. 
[0055] Fig. 3 shows the arrangement of a laser diode 
driving circuit according to the second embodiment of 
the present invention. The laser diode driving circuit of 
the second embodiment comprises a preamplifier 55 
and a peak detector 60 instead of the average detector 
57 in the first embodiment shown in Fig. 2. Since the 
remaining arrangement is the same as in the first em- 
bodiment shown in Fig. 2, the same reference numerals 
as in Fig. 2 denote the same parts, and a description 
thereof will be omitted. 

[0056] A light-receiving cun'ent Ir of a monitor PD 82 



is input to the preamplifier 55 and converted into a volt- 
age signal. The voltage signal is output to the peak de- 
tector 60. The peak detector 60 detects the peak voltage 
of the voltage signal output from the preamplifier 55, and 
5 outputs the detection voltage to an A/D converter 21 and 
the inverting input terminal of an inverting amplifier 65. 
The remaining operation is the same as in the first em- 
bodiment. 

[0057] In the first embodiment, deterioration of the la- 

^0 ser diode 81 over time is compensated based on the 
average of the light-receiving current Ir of the monitor 
PD 82. In the second embodiment, deterioration of the 
laser diode 81 over time is compensated based on the 
peak value of the light-receiving current Ir of the monitor 

15 PD 82. 

[0058] In the first embodiment, when a burst signal is 
used as transmission data, the average of the light-re- 
ceiving current Ir of the monitor PD 82 is very low, and 
fluctuations in light-receiving current Ir of the monitor PD 

20 82 are difficult to detect. For this reason, deterioration 
of the laser diode 81 cannot be determined. 
[0059] In the second embodiment, however, since the 
peak value of the light-receiving current Irof the monitor 
PD 82 is detected, even if a burst signal is used as trans- 

25 mission data, deterioration of the laser diode 81 over 
time can be determined, and a decrease in optical out- 
put can be compensated in correspondence with a de- 
crease in peak value. 



[0060] The third embodiment of the present invention 
will be described with reference to Fig. 4. 
[0061] Fig. 4 shows the arrangement of a laser diode 
driving circuit according to the third embodiment of the 
present invention. The laser diode driving circuit of the 
third embodiment has the same constituent elements as 
in the second embodiment shown in Fig. 3 except that 
a current controller 42 controls two different constant 
currents, i.e., a constant current lapel and a constant 
current Iapc2. Since the remaining arrangement is the 
same as in the second embodiment shown in Fig. 3, the 
same reference numerals as in Fig. 3 denote the same 
parts, and a description thereof will be omitted. 
[0062] The constant current lapel serves as a bias 
current directly flowing through a laser diode 81 , where- 
as the constant current Iapc2 serves as a pulse current 
controlled by an input signal. 
[0063] More specifically, in the third embodiment, 
both the bias current and the pulse current are compen- 
sated in accordance with deterioration of the laser diode 
81 overtime. The optical output and the extinction ratio 
can be controlled at a constant level in correspondence 
with deterioration of the laser diode 81 over fime. 

Fourth. Embodiment 

[0064] The third embodiment adopts the preamplifier 
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55 and the peak detector 60. However, in the arrange- 
ment of the third embodiment shown in Fig. 4, an aver- 
age detector 57 may replace the preamplifier 55 and the 
peak detector 60, and deterioration of a laser diode 81 
over lime may be compensated based on the average 
of the light-receiving current Ir of a monitor PD 82. sim- 
ilarly to the first embodiment. 



Claims 
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comparing the initial output value with a current 
output value of the monitor photodiode. thereby 
confirming the deterioration state of the laser 
diode over time. 

A method according to claim 1 or 2, wherein the de- 
terioration state of the laser diode (81) with time is 
confirmed using an average of outputs of a monitor 
photodiode (82) for detecting the optical output of 
the laser diode. 



1. A laser diode driving method comprising the steps 
of: 

adjusting, in accordance with an ambient tem- is 
perature. a bias current set about a light emis- 
sion threshold current of a laser diode (81 ), and 
a pulse current for causing the laser diode to 
emit light;. 

adjusting the bias cun^ent in accordance with a 20 
deterioration state of the laser diode over time 
driving the laser diode by a cun-ent prepared by 
superposing the bias current (Idc, lapc) and the 
pulse current (lac), thereby controlling an opti- 
cal output of the laser diode at a constant level; 25 
storing, in correspondence with ambient tem- 
peratures, initial output values of a monitor pho- 
todiode (82) for detecting the optical output of 
the laser diode (81); 

obtaining an initial output value corresponding 30 
to a current ambient temperature from the 
stored output values; and 
comparing the initial output value with a current 
output value of the monitor photodiode, thereby 
confirming the deterioration state of the laser 35 
diode over time. 

2. A laser diode driving method comprising the steps 
of: 

40 

adjusting, in accordance with an ambient tem- 
perature and a deterioration state of a laser di- 
ode (81) over time, a bias current set about a 
light emission threshold current of the laser di- 
ode, and a pulse current for causing the laser 45 
diode to emit light; 

driving the laser diode by a current-prepared by 
superposing the bias current (Idc, lapel) and 
the pulse cun-ent (lac. Iapc2), thereby control- 
ling an optical output and extinction ratio of the so 
laser diode at a constant level; 
storing, In conrespondence with ambient tem- 
peratures, Initial output values of a monitor pho- 
todiode (82) for detecting the optical output of 
the laser diode (81); 55 
obtaining an initial output value corresponding 
to a current ambient temperature from the 
stored output values; and 



4. A method according to claim 1 or 2, wherein the de- 
terioration state of the laser diode (81) with time is 
confirmed using a peak value of outputs of a monitor 
photodiode (82) for detecting the optical output of 
the laser diode. 

5. A laser diode driving circuit comprising: 

a laser diode (81); 

a temperature sensor (10) for detecting an am- 
bient temperature; 

a monitor photodiode (82) for detecting an op- 
tical output of said laser diode; 
memory means (50) for storing, in correspond- 
ence with ambient temperatures, bias current 
values set about a light emission threshold cur- 
rent of said laser diode, pulse current values for 
causing said laser diode to emit light, and initial 
output values of said monitor photodiode, and 
outputting a bias cun-ent value, pulse current 
value, and initial output value of said monitor 
photodiode corresponding to an ambient tem- 
perature detected by said temperature sensor; 
time deterioration state detection means (55, 
57. 60, 65, 70) for comparing the initial output 
value of said monitor photodiode output from 
said memory means with a current output val- 
ue, and generating a signal representing a de- 
terioration state of said laser diode over time; 
and 

current control means (40, 41 , 42) for determin- 
ing a pulse current (lac) for said laser diode on 
the basis of the pulse current value output from 
said memory means, determining a bias cur- 
rent (Idc, lac) for said laser diode on the basis 
of the bias cun-ent value output from said mem- 
ory means and the signal representing the de- 
terioration state overtime output from said time 
deterioration state detection means, and driv- 
ing said laser diode by a cun-ent prepared by 
superposing the bias current and the pulse cur- 
rent. 

6. A laser diode driving circuit comprising: 
a laser diode (81); 

a temperature sensor (10) for detecting an am- 
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bient temperature: 

a monitor photodiode (82) for detecting an op- 
tical output of said laser diode; 
memory means (50) for storing, in correspond- 
ence with ambient temperatures, bias current 5 
values set about a light emission threshold cur- 
rent of said laser diode, pulse current values for 
causing said laser diode to emit light, and initial 
output values of said monitor photodiode, and 
outputting a bias current value, pulse current io 
value, and initial output value of said monitor 
photodiode corresponding to an ambient tem- 
perature detected by said temperature sensor; 
time deterioration state detection means (55. 
57, 60, 65, 70) for comparing the Initial output 15 
value of said monitor photodiode output from 
said memory means with a current output val- 
ue, and generating a signal representing a de- 
terioration state of said laser diode over time; 
and 20 
current control means (40, 41 , 42) for determin- 
ing a bias current (Idc, lapd ) and pulse current 
(lac. Iapc2) for said laser diode on the basis of 
the bias current value and pulse cun^ent value 2. 
output from said memory means and the signal 25 
representing the deterioration state over time 
output from said time deterioration state detec- 
tion means, and driving said laser diode by a 
current prepared by superposing the bias cur- 
rent and the pulse current. 30 

7. A circuit according to claim 5 or 6, wherein said 
memory means stores an average of the initial out- 
puts of said monitor photodiode, and 

said time deterioration state detection means 35 
comprises an average detector for detecting an av- 
erage of current outputs of said monitor photodiode, 

8. A circuit according to claim 5 or 6, wherein said 
memory means stores a peak value of the initial out- 40 
puts of said monitor photodiode, and 

said time deterioration state detection means 
comprises a peak detector for detecting a peak val- 
ue of current outputs of said monitor photodiode. 

45 

Patentanspriiche 

1. Laserdiodenansteuerungsverfahren mit den fol- 
genden Schritten: 50 

Einstellen eines Vorspannungsstroms, der an- 
nahernd auf einen Lichtemisslonsschwellen- 
strom einer Laserdiode (81 ) festgesetzt 1st, und 
eines Impulsstroms, um eine Lichtemission der 55 
Laserdiode herbeizufuhren, entsprechend ei- 
ner Umgebungstemperatur; 3. 
Einstellen des Vorspannungsstroms entspre-: 



chend einem zeitabhangigen Leistungsminde- 
rungszustand der Laserdiode; 
Ansteuern der Laserdiode durch einen Strom, 
der durch Uberlagerung des Vorspannungs- 
stroms (Idc, lapc) und des Impulsstroms (lac) 
erzeugt wird , wodurch ein optisches Ausgangs- 
signal der Laserdiode auf einen konstanten Pe- 
gel geregelt wird; 

Speichern von Ausgangssignal-Anfangswer- 
ten einer Monitorphotodiode (82) zur Erfassung 
des optischen Ausgangssignals der Laserdio- 
de (81) in Ubereinstimmung mit Umgebungs- 
temperaturen; 

Ermittein eines Ausgangssignal-Anfangswerts 
entsprechend einer aktuellen Umgebungstem- 
peratur aus den gespeicherten Ausgangssi- 
gnalwerten; und 

Vergleich des Ausgangssignal-Anfangswerts 
mit einem aktuellen Ausgangsslgnalwert der 
Monitorphotodiode, wodurch der zeitabhangi- 
ge Leistungsminderungszustand der Laserdio- 
de bestdtlgt wird. 

Laserdiodenansteuerungsverfahren mit den fol- 
genden Schritten: 

Einstellen eines Vorspannungsstroms. der an- 
nahernd auf einen Lichtemisslonsschwellen- 
strom der Laserdiode festgesetzt ist, und eines 
Impulsstroms. um eine Lichtemission der La- 
serdiode herbeizufuhren, entsprechend einer 
Umgebungstemperatur und einem zeitabhan- 
gigen Leistungsminderungszustand der Laser- 
diode (81); 

Ansteuern der Laserdiode durch einen Strom, 
der durch Uberlagerung des Vorspannungs- 
stroms (Idc. lapel ) und des Impulsstroms (lac, 
Iapc2) erzeugt wird. wodurch ein optisches 
Ausgangssignal und ein Extinktionsverhaltnis 
der Laserdiode auf einen konstanten Pegel ge- 
regelt werden; 

Speichern von Ausgangssignal-Anfangswer- 
ten einer Monitorphotodiode (82) zur Erfassung 
des optischen Ausgangssignals der Laserdio- 
de (81) In Ubereinstimmung mit Umgebungs- 
temperaturen; 

Ermittein eines Ausgangssignal-Anfangswerts 

entsprechend einer aktuellen Umgebungstem- 
peratur aus den gespeicherten Ausgangssi- 
gnalwerten; und 

Vergleich des Ausgangssignal-Anfangswerts 
mit einem aktuellen Ausgangsslgnalwert der 
Monitorphotodiode, wodurch der zeitabhangi- 
ge Leistungsminderungszustand der Laserdio- 
de bestatigt wird. 

Verfahren nach Anspruch 1 Oder 2, wobei der zeit- 
abhangige Leistungsminderungszustand der La- 
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serdiode (81 ) durch Verwendung eines Mittelwerts 6. 
von Ausgangsslgnalen einer Monitorphotodiode 
(82) zur Erfassung des optischen Ausgangssignals 
der Laserdiode bestatigt wird. 

5 

4. Verfahren nach Anspruch 1 oder 2, wobei der zeit- 
abhangige Leistungsmlnderungszustand der La- 
serdiode (81) unter Verwendung eines Spitzen- 
werts von Ausgangssignalen einer Monitorphoto- 
diode (82) zur Erfassung des optischen Ausgangs- io 
signals der Laserdiode bestatigt wird. 

5. Schaltkreis zur Ansteuerung einer Laserdiode. der 
aufweist: 

15 

eine Laserdiode (81); 

einen Temperaturfuhler (10) zur Erfassung ei- 
ner Umgebungstemperatur: 
eine Monitorphotodiode (82) zur Erfassung ei- 
nes optischen Ausgangssignals der Laserdio- 20 
de; 

eine Speichereinrichtung (50) zum Speichern 
von Vorspannungsstromwerten, die annahernd 
auf einen Lichtemlssionsschwellenstrom einer 
Laserdiode festgesetzt sind, von Impulsstrom- 25 
werten, urn eine Lichtemisslon der Laserdiode 
herbeizufuhren, und von Ausgangssignal-An- 
fangswerten der Monitorphotodiode In Uber- 
einstlmmung mit Umgebungstemperaturen so- 
wie zur Ausgabe eines Vorspannungsstrom- 30 
werts, eines Impulsstromwerts und eines Aus- 
gangssignal-Anfangswerts der Monitorphoto- 
diode entsprechend einer durch den Tempera- 
turfuhler erfafiten Umgebungstemperatur; 
eine Erfassungseinrichtung (55, 57, 60, 65. 70) 35 
fur den zeitabhangigen Leistungsmlnderungs- 
zustand zum Vergleich des Ausgangsslgnal- 
Anfangswerts des Ausgangssignals der Moni- 
torphotodiode aus der Speichereinrichtung mit 
einem aktuellen Ausgangsslgnalwert und zur 40 
Erzeugung eines Signals, das einen zeitabhan- 
gigen Leistungsmlnderungszustand der Laser- 
diode darstellt; und 

eine Stromregelungseinrlchtung (40, 41. 42) 
zur Bestimmung eines Impulsstroms (lac) fur 45 
die Laserdiode auf der Basis des von der Spei- 
chereinrichtung ausgegebenen Impulsstrom- 7 
werts, zur Bestimmung eines Vorspannungs- 
stroms (Idc, lac) fQr die Laserdiode auf der Ba- 
sis des von der Speichereinrichtung ausgege- so 
benen Vorspannungsstromwerts und des von 
der Erfassungseinrichtung fOr den zeitabhangi- 
gen Leistungsmtndemngszustand ausgegebe- 
nen Signals, das den zeitabhangigen Lei- 
stungsmlnderungszustand darstellt, und zum 55 
Ansteuern der Laserdiode durch einen Strom, 
der durch Oberiagerung des Vorspannungs- 8 
stroms und des Impulsstroms erzeugt wird. 



Schaltkreis zur Ansteuerung einer Laserdiode. der 
aufweist: 

eine Laserdiode (81); 

einen Temperaturfuhler (10) zur Erfassung ei- 
ner Umgebungstemperatur; 
eine Monitorphotodiode (82) zur Erfassung ei- 
nes optischen Ausgangssignals der Laserdio- 
de; 

eine Speichereinrichtung (50) zum Speichern 
von Vorspannungsstromwerten, die annahernd 
auf einen Lichtemissionsschwellenstrom der 
Laserdiode festgesetzt sind, von Impulsstrom- 
werten, um eine Lichtemisslon der Laserdiode 
herbeizufOhren. und von Ausgangssignal-An- 
fangswerten der Monitorphotodiode in Ober- 
einstimmung mit Umgebungstemperaturen so- 
wle zur Ausgabe eines Vorspannungsstrom- 
werts, eines Impulsstromwerts und eines Aus- 
gangssignal-Anfangswerts der Monitorphoto- 
diode entsprechend einer durch den Tempera- 
turfuhler erfaRten Umgebungstemperatur; 
eine Erfassungseinrichtung (55, 57. 60, 65, 70) 
fur den zeitabhangigen Leistungsmlnderungs- 
zustand zum Vergleich des Ausgangsslgnal- 
Anfangswerts des Ausgangssignals der Moni- 
torphotodiode aus der Speichereinrichtung mit 
einem aktuellen Ausgangsslgnalwert und zur 
Erzeugung eines Signals, das einen zeitabhan- 
gigen Leistungsmlnderungszustand der Laser- 
diode darstellt; und 

eine Stromregelungselnrichtung (40, 41. 42) 
zur Bestimmung eines Vorspannungsstroms 
(idc, lapel) und eines Impulsstroms (lac. 
Iapc2) fQr die Laserdiode auf der Basis des von 
der Speichereinrichtung ausgegebenen Vor- 
spannungsstromwerts und Impulsstromwerts 
und des von der Erfassungseinrichtung fQr den 
zeitabhangigen Leistungsmlnderungszustand 
ausgegebenen Signals, das den zeitabhangi- 
gen Leistungsmlnderungszustand darstellt, 
und zum Ansteuern der Laserdiode durch ei- 
nen Strom, der durch Oberiagerung des Vor- 
spannungsstroms und des Impulsstroms er- 
zeugt wird. 

Schaltkreis nach Anspaich 5 oder 6. wobei die 
Speichereinrichtung einen Mittelwert der Aus- 
gangssignal-Anfangswerte der Monitorphotodiode 
speichert, und 

wobei die Erfassungseinrichtung fOr den zeit- 
abhangigen Leistungsmlnderungszustand einen 
Mittelwertdetektor zum Erfassen eines Mittelwerts 
der aktuellen Ausgangssignale der Monitorphoto- 
diode aufweist. 

Schaltkreis nach Anspruch 5 oder 6, wobei die 
Speichereinrichtung einen Spitzenwert der Aus- 
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gangssignal-Anfangswerte der Monitorphotodiode 
spetchert. und 

wobei die Erfassungseinrichtung fur den zeit- 
abhangigen Leistungsminderungszustand einen 
Spitzenwertdetektor zur Erfassung eines Spitzen- 5 
werts der aktuellen Ausgangssignale der Monitor- 
photodiode aufweist. 



Revendications 

1. Proc6de de commande de diode laser, comprenant 
les 6tapes sulvantes : 

ajustement, selon une temperature ambiante. 
d'un courant de polarisation regie autour d'un 
courant de seuil d'emission de lumiere d'une 
diode laser (81), et d'un courant d'impulsion 
pour faire ^mettre de la lunfiiere k la diode 
laser ; 

ajustement du courant de polarisation selon un 
^tat de deterioration de la diode laser en fonc- 
tion du temps ; 

commande de la diode laser par un courant 
prepare en superposant le courant de polarisa- 
tion (Idc, lapc) et le courant d'impulsion (lac), 
contrdlant ainsi une sortie optique de la diode 
laser a un niveau constant ; 
stockage, en correspondence avec les tempe- 
ratures ambiantes, des valeurs de sortie inltla- 
les d'une photodiode (82) de surveillance pour 
detecterla sortie optique de la diode laser (81 ) ; 
obtention d'une valeur de sortie initiale corres- 
pondant a une temperature ambiante courante 
d partir des valeurs de sortie stockees ; et 
comparaison de la valeur de sortie initiale avec 
une valeur de sortie courante de la photodiode 
de surveillance, confirmant ainsi I'etat de dete- 
rioration de la diode laser en fonction du temps. 

2. Precede de commande de diode laser, comprenant 
les etapes suivantes : 

ajustement, selon une temperature ambiante et 
un etat de deterioration d'une diode laser (81 ) 45 
au cours du temps, d'un courant de polarisation 
regie autour d'un courant de seuil d'emission 
de lumiere de la diode laser et d'un courant 
d'impulsion pour faire emettre de la lumiere e 
la diode laser ; 50 
commande de la diode laser par un courant 
prepare en superposant le courant de polarisa- 
tion (Idc, lapd) et le courant d'impulsion (lac, 
Iapc2), contrdlant ainsi une sortie optique et un 
rapport d'extinction de la diode laser d un ni- 55 
veau constant ; 

stockage, en correspondance avec les tempe- 
ratures ambiantes, des valeurs de sortie Inltia- 



les d'une photodiode (82) de sun/eillance pour 
detecter la sortie optique de la diode laser (81 ) ; 
obtention d*une valeur de sortie initiale corres- 
pondant d une temperature ambiante courante 
d partir des valeurs de sortie stockees ; et 
comparaison de la valeur de sortie initiale avec 
une valeur de sortie courante de la photodiode 
de surveillance, confirmant ainsi I'etat de dete- 
rioration de la diode laser en fonction du temps. 



et une valeur de sortie Initiale de ladite photo- 
diode de surveillance correspondent a une 
temperature ambiante detectee par ledit cap- 
teur de temperature ; 

des moyens de detection de I'etat de deteriora- 
tion en fonction du temps (55, 57, 60, 65, 70) 
pour comparer la valeur de sortie initiale de la- 
dite photodiode de surveillance provenant des- 
dits moyens de memoire avec une valeur de 
sortie de courant, et generer un signal repre- 
sentant un etat de deterioration de ladite diode 
laser au cours du temps ; et 
des moyens de controle du courant (40, 41 , 42) 
pour detenminer un courant d'impulsion (lac) 
pour ladite diode laser sur la base de la valeur 
du courant d'impulsion provenant desdits 
moyens de memoire, determiner un courant de 
polarisation (Idc, lac) pour ladite diode laser sur 



10 

3. Precede selon la revendication 1 ou 2, dans lequel 
retat de deterioration de la diode laser (81 ) avec le 
temps est confirme a I'aide d'une moyenne des sor- 
ties d'une photodiode de surveillance (82) pour de- 

^5 teeter la sortie optique de la diode laser 

4. Procede selon la revendication 1 ou 2. dans lequel 
retat de deterioration de la diode laser (81 ) avec le 
temps est confirme en utilisant une valeur de crete 

20 de sorties d'une photodiode de surveillance (82) 
pour detecter la sortie optique de la diode laser. 

5. Circuit de commande de diode laser commandant 
un circuit, comprenant : 

25 

une diode laser (81) ; 

un capteur de temperature (10) pour detecter 
une temperature ambiante ; 
une photodiode de surveillance (82) pour de- 
30 teeter une sortie optique de ladite diode laser ; 

des moyens de memoire (50) pour stocker, en 
correspondance avec des temperatures am- 
biantes, des valeurs de courant de polarisation 
regiees autour d'un courant de seuil d'emission 
^5 de lumiere de ladite diode laser, des valeurs de 

courant d'impulsion pour faire emettre de la lu- 
miere a ladite diode laser, et des valeurs de sor- 
tie initiales de ladite photodiode de surveillan- 
ce, et fournir en sortie une valeur de courant de 
40 polarisation, une valeur de courant d'impulsion 
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la base de la valeur de courant de polarisation 
provenant desdits moyens de memoire et le si- 
gnal repr^sentant r^tat de deterioration au 
cours du temps provenant desdits moyens de 
detection de Tetat de deterioration en fonction 5 
du temps, et commander ladite diode laser par 
un courant prepare en superposant le courant 
de polarisation et le courant d'impulsion. 

Circuit de commande de diode laser, comprenant : io 

une diode laser (81 ) ; 

un capteur de temperature (10) pour detecter 
une temperature ambiante ; 
une photodiode de surveillance (82) pour de- t5 
teeter une sortie optique de ladite diode laser ; 
des moyens de memoire (50) pour stocker, en 
correspondance avec des temperatures am- 
biantes, des vaieurs de courant de polarisation 
regiees autour d'un courant de seuil d'emission 20 
de lumiere de ladite diode laser, des vaieurs de 
courant d'impulsion pour faire emettre de la lu- 
miere a ladite diode laser, et des vaieurs de sor- 
tie initiales de ladite photodiode de surveillan- 
ce, et fournir en sortie une valeur de courant de 25 
polarisation, une valeur de courant d'impulsion 
et une valeur de sortie initiale de ladite photo- 
diode de surveillance correspondent e une 
temperature ambiante detectee par ledit cap- 
teur de temperature ; 30 
des moyens de detection de retat de deteriora- 
tion en fonction du temps (55. 57. 60. 65, 70) 
pour comparer la valeur de sortie initiale de la- 
dite photodiode de surveillance provenant des- 
dits moyens de memoire avec une valeur de 35 
sortie courante, et generer un signal represen- 
tant un etat de deterioration de ladite diode la- 
ser au cours du temps ; et 
des moyens de controle du courant (40, 41 , 42) 
pour determiner un courant de polarisation (Idc, ^0 
lapd) et un courant d'impulsion (lac, Iapc2) 
pour ladite diode laser sur la base de la valeur 
de courant de polarisation et de la valeur de 
courant d'impulsion provenant desdits moyens 
de memoire, et le signal representant retat de 45 
deterioration au cours du temps provenant des- 
dits moyens de detection de I'etat de deteriora- 
tion en fonction du temps, et commander ladite 
diode laser e Taide d*un courant prepare en su- 
perposant le courant de polarisation et le cou- so 
rant d'impulsion. 

Circuit selon la revendication 5 ou 6, dans lequel 
lesdits moyens de memoire stockent une moyenne 
des sorties initiales de ladite photodiode de sur- 55 
veillance, et 

lesdits moyens de detection de i'etat de dete- 
rioration en fonction du temps comprennent un de- 



tecteur de moyenne pour detecter une moyenne 
des sorties courantes de ladite photodiode de sur- 
veillance. 

8. Circuit selon la revendication 5 ou 6. dans lequel 
lesdits moyens de memoire stockent une valeur de 
Crete des sorties Initiales de ladite photodiode de 
surveillance, et 

lesdits moyens de detection de retat de dete- 
rioration en fonction du temps comprennent un de- 
tecteur de crete pour detecter une valeur de crete 
des sorties courantes de ladite photodiode de sur- 
veillance. 
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